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THERMAL CHAMBER WITH IMPROVED
THERMAL UNIFORMITY

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims benefit of U.S. Provisional Patent
Application Ser. No. 62/507,934, filed May 18, 2017, which
application 1s hereby incorporated by reference herein.

BACKGROUND

Field

Embodiments disclosed herein generally relate to a semi-
conductor processing chamber and, more specifically, a
thermal treatment chamber, such as an annealing chamber.

Description of the Related Art

In the manufacture of electronic devices on a substrate,
substrates, such as a semiconductor substrate, are subjected
to many thermal processes. The thermal processes are typi-
cally performed 1n a dedicated processing chamber where
material 1s deposited or removed, or a substrate 1s heated in
a controlled manner. Such processes include epitaxial depo-
sition, chemical vapor deposition (CVD), plasma enhanced
chemical vapor deposition (PECVD), etching, annealing,
and the like.

A substrate 1s typically supported 1n the processing cham-
ber and exposed to a heat source to raise the temperature of
the substrate. However, portions of the processing chamber
may act as a heat sink which prevents portions of the
substrate to be heated at the same rate as other portions
thereol. This results 1n temperature non-uniformity of the
substrate being heated.

Thus, there 1s a need for an improved thermal uniformity
in thermal processing chambers.

SUMMARY

Embodiments of the disclosure generally relate to a
semiconductor processing chamber. In one embodiment,
semiconductor processing chamber 1s disclosed and includes
a chamber body having a bottom and a sidewall defining an
interior volume, the sidewall having a substrate transier port
tformed therein, and one or more absorber bodies positioned
in the nterior volume 1n a position opposite of the substrate
transier port.

In another embodiment, a semiconductor processing
chamber 1s provided that includes a chamber body having a
bottom and a sidewall defining an interior volume, the
sidewall having a substrate transier port formed therein, a
substrate support disposed 1n the interior volume, and one or
more absorber bodies positioned in the interior volume
about the substrate support in a position opposing the
substrate transfer port.

In another embodiment, a semiconductor processing
chamber 1s provided that includes a chamber body having a
bottom and a sidewall defining an interior volume, the
sidewall having a substrate transfer port formed therein, and
a substrate support disposed in the interior volume, the
substrate support including a first segment facing the sub-
strate transier port, and a second region and a third region
adjacent to the first region, wherein one or more absorber
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2

bodies are positioned in the interior volume adjacent to the
second region and the third region.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner 1n which the above recited features of
the present disclosure can be understood 1n detail, a more
particular description of the disclosure, brietfly summarized
above, may be had by reference to embodiments, some of
which are illustrated in the appended drawings. It 1s to be
noted, however, that the appended drawings illustrate only
typical embodiments of this disclosure and are therefore not
to be considered limiting of its scope, for the disclosure may
admit to other equally effective embodiments.

FIG. 1 1s a partial cross sectional view of an exemplary
substrate processing system.

FIG. 2 1s a schematic isometric view of a substrate support
assembly and chamber body (shown in phantom) that may
be used 1n the substrate processing system of FIG. 1 having
one embodiment of a liner.

FIG. 3 1s a schematic 1sometric view of a substrate support
assembly and chamber body (shown 1n phantom) that may
be used 1n the substrate processing system of FIG. 1, having
another embodiment of a liner.

FIG. 4 1s a schematic 1sometric view of a substrate support
assembly and chamber body (shown in phantom) that may
be used 1n the substrate processing system of FIG. 1, having
another embodiment of a liner.

FIG. 5 1s a schematic 1sometric view ol a chamber body
that may be used 1n the substrate processing system of FIG.
1.

FIG. 6 1s a schematic 1sometric view of another embodi-
ment of a substrate support assembly that may be used in the
substrate processing system of FIG. 1, a chamber body
surrounding the substrate support assembly 1s not shown.

FIG. 7 1s schematic 1sometric view of a substrate support
body adjacent to one embodiment of a showerhead assem-
bly.

FIG. 8 15 a schematic cross-sectional view of one embodi-
ment of a substrate support body that may be used in the
substrate processing system of FIG. 1.

FIG. 9 1s a schematic cross-sectional view of another
embodiment of a substrate support body that may be used 1n
the substrate processing system of FIG. 1.

FIG. 10 1s a cross-sectional view of a bi-metal base
assembly that may be used in the substrate processing
system of FIG. 1.

FIG. 11 1s an 1sometric view of the adapter body of FIG.
10.

FIG. 12 1s an enlarged view of a portion of the adapter
body of FIG. 11.

To facilitate understanding, 1dentical reference numerals
have been used, where possible, to designate i1dentical
clements that are common to the figures. It 1s contemplated
that elements and features of one embodiment may be
beneficially incorporated in other embodiments without fur-
ther recitation.

DETAILED DESCRIPTION

Embodiments of the disclosure generally relate to a
semiconductor processing chamber and, more specifically, a
thermal processing chamber. Embodiments disclosed herein
are 1llustratively described below in reference to anneal
chambers. Examples of substrate processing systems that
may be adapted to benefit from the embodiments described

herein include a PRODUCER® SE CVD system, a PRO-
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DUCER® GT™ CVD system or a DXZ® CVD system, all
of which are commercially available from Applied Materi-
als, Inc., Santa Clara, California. The Producer® SE CVD
system (e.g., 200 mm or 300 mm) has two 1solated process-
ing regions that may be used to anneal substrates. Although
the exemplary embodiment includes two processing regions,
it 1s contemplated that the embodiments described herein
may be used to advantage in systems having a single
processing region or more than two processing regions. It 1s
also contemplated that the embodiments described herein
may be utilized to advantage in other thermal processing
chambers, such as plasma chambers, etch chambers, 10n
implantation chambers, annealing chamber, and stripping
chambers, among others. It 1s further contemplated that the
embodiments described herein may be utilized to advantage
in processing chambers available from other manufacturers.

Embodiments of the processing chamber described herein
address the need for temperature control of a substrate
during processing. Certain embodiments described herein
provide a greater degree of temperature control when heat-
ing a substrate from at about room temperature to tempera-
tures at or above 400° C. with a minimal within-substrate
temperature gradient (about 10° C., or less, such as about 7°
C.).

FIG. 1 1s a partial cross sectional view of an exemplary
substrate processing system 100 having a substrate support
assembly 102 according to embodiments described herein.
As described herein, the substrate support assembly 102
comprises an active heating system which allows for active
control of the temperature of a substrate positioned on the
substrate support assembly 102 over a wide temperature
range while the substrate 1s subjected to numerous process
and chamber conditions. The system 100 generally includes
a processing chamber body 104 having sidewalls 106, a
bottom wall 108, and an interior sidewall 110 defining a pair
of processing regions 112A and 112B. Each of the process-
ing regions 112A-B 1s similarly configured, and for the sake
of brevity, only components 1n the processing region 112B
will be described.

A substrate support body 114 1s disposed 1n the processing
region 112B through a passage 116 formed in the bottom
wall 108 of the chamber body 104. The substrate support
body 114 1s adapted to support a substrate (not shown) on the
upper surface thereof. In some embodiments, the substrate
support body 114 may comprise a vacuum chuck. The
substrate support body 114 may include heating elements
115, for example resistive heating elements, to heat and
control the substrate temperature at a desired process tem-
perature. Each of the heating elements 115 may be utilized
to heat a substrate (not shown) positioned on or above an
upper surtace of the substrate support body 114. The heating,
provided by the heating elements 115 may heat a substrate
from about room temperature to about 500° C., or greater.
The substrate support body 114 may be made of aluminum
nitride or another ceramic material.

The substrate support assembly 102 includes the substrate
support body 114 that 1s coupled to a shait 118. In this way,
the substrate support assembly 102 may be a pedestal. The
shaft 118 couples to a power outlet or power box 120, which
may include a drive system that controls the elevation and
movement of the substrate support body 114 within the
processing region 112B. The shait 118 also contains elec-
trical power interfaces to provide electrical power to the
substrate support body 114. The shaft 118 also includes a
coolant channel formed therein. The power box 120 also
includes interfaces for electrical power and temperature
indicators, such as a thermocouple interface. The shaft 118
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also 1ncludes a base assembly 122 adapted to detachably
couple to the power box 120. A circumierential ring 124 1s
shown above the power box 120. In one embodiment, the
circumierential ring 124 1s a shoulder adapted as a mechani-
cal stop or land configured to provide a mechanical interface
between the base assembly 122 and the upper surface of the
power box 120.

Arod 126 1s disposed through a passage 128 formed 1n the
bottom wall 108 and 1s utilized to activate substrate lift pins
130 disposed through the substrate support body 114. The
substrate lift pins 130 selectively space a substrate from the
substrate support body 114 to facilitate exchange of the
substrate with a robot (not shown) utilized for transierring
the substrate into and out of the processing region 112B
through a substrate transfer port 132 (e.g., a shit valve
coupled to a shit valve tunnel).

The substrate processing system 100 may include a cham-
ber 11id 134 that 1s coupled to a top portion of the chamber
body 104. The Iid 134 accommodates one or more gas
distribution systems 136 coupled thereto. The gas distribu-
tion system 136 includes a gas inlet passage 140 which may
deliver process gases through a showerhead assembly 142
into the processing region 112B. The showerhead assembly
142 may include an annular base plate 144 having a blocker
plate 148 disposed intermediate to a reflective faceplate 146.
The retlective faceplate 146 may be perforated to allow
gases to flow therethrough. A thermal 1solator 152 1s dis-
posed between the 11d 134 and showerhead assembly 142. A
shadow ring 154 may be disposed on the periphery of the
substrate support body 114 that engages a substrate at a
desired elevation of the substrate support body 114.

Optionally, a cooling channel 156 1s formed 1n the annular
base plate 144 of the gas distribution system 136 to cool the
annular base plate 144 during operation. A heat transfer
fluid, such as water, ethylene glycol, a gas, or the like, may
be circulated through the cooling channel 156 such that the
base plate 144 1s maintained at a predefined temperature.

The processing regions 112A and 112B include interior
sidewalls 158 which may be the surface of sidewalls 110,
106 of the chamber body 104. A circumierential pumping,
cavity 160 that 1s coupled to a pumping system 164 config-
ured to exhaust gases and byproducts from the processing
regions 112A and 112B and control the pressure within the
processing regions 112A and 112B. A plurality of exhaust
ports 166 may be 1n fluid commumcation with the pumping
cavity 160. The exhaust ports 166 are configured to allow the
flow of gases from the processing regions 112A and 112B to
the circumierential pumping cavity 160 1n a manner that
promotes processing within the system 100. Additionally, a
coolant channel 168 may be utilized to cool the chamber
body 104.

In one example of an annealing process, a substrate (not
shown) may be transferred through the substrate transfer
port 132 onto the substrate lift pins 130 which space the
substrate from the substrate support body 114 (e.g., about 1
millimeter). The substrate may be preheated for a specified
period of time while being supported by the substrate lift
pins 130 above the substrate support body 114. The preheat
pertod may be a transient heating period. The preheating
process may be utilized to prevent rapid heating of the
substrate which may distort the substrate. After the preheat
process, the substrate lift pins 130 may be retracted such that
the substrate rests on the substrate support body 114 for a
turther heating process (steady-state heating).

During both of these heating processes, temperature uni-
formity within the substrate 1s desirable. However, interior
portions of the chamber may act as a heat sink to where
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thermal energy from the substrate support body 114 may be
transierred, which makes other portions hotter. For example,
the 1nterior sidewalls 158 may be reflective and may serve
to reflect the thermal energy from the substrate support body
114 to the substrate. However, the sidewalls 158 are not
uniform, for example, the area occupied by the substrate
transfer port 132, and therefore conditions for thermal
uniformity are not uniform. For example, 1n the area occu-
pied by the substrate transier port 132, no reflection may
occur and an edge of a substrate near the substrate transfer
port 132 may be cooler than other portions of the substrate.
In FIG. 1, one option to compensate for this non-uniformity
1s a liner 170 (shown 1n cross-section) 1n or on an area of the
chamber body 104 opposing the substrate transfer port 132.

The following figures are examples of options to com-
pensate for this non-uniformity of temperature 1n a substrate.
FIGS. 2-7 illustrate embodiments of the chamber body 104
that may be utilized to facilitate temperature unmiformity of a
substrate during a preheat process as described above (1.e.,
when the substrate 1s preheated while being spaced away
form an upper surface of the substrate support body 114
using the substrate lift pins 130). FIGS. 8-9 are illustrations
of embodiments where modifications of the substrate sup-
port body 114 may be used to facilitate temperature unifor-
mity of a substrate during a steady-state heating process as
described above.

FIG. 2 1s a schematic 1sometric view of a substrate support
assembly 102 that may be used 1n the substrate processing
system 100 of FIG. 1. The chamber body 104 1s shown 1n
phantom 1n order to more clearly show an interior volume
that 1s coupled to a slit valve tunnel 201.

A substrate (not shown) may be transierred onto a surface
of the substrate support body 114. During a preheat process
as described above, the substrate may be spaced away from
the upper surface of the substrate support body 114 as
described above. Brackets and dashed lines are shown on the
substrate support body 114 to indicate peripheral (outer)
segments 200A, 2008 and 200C (roughly 120 degree seg-
ments) where the supported substrate may be have a tem-
perature diflerent than other portions thereot due to condi-
tions within the chamber. For example, the segment 200A
adjacent to the substrate transfer port 132 may be cooler than
other portions of the chamber body 104. The reasons for this
relative cooling may be due to the lack of a reflective surtace
from the interior sidewalls 158 (shown 1n FIG. 1) of the
chamber body 104. This cooler area may result in the
portions of the substrate adjacent to the segments 2008 and
200C being hotter relative to the portion of the substrate
adjacent to segment 200A. For example, the portions of the
substrate adjacent to the segments 200B and 200C may sag
due to the temperature difference.

In order to compensate for this cooler area and/or improve
temperature uniformity of a substrate being heated on the
substrate support body 114, a liner 205 may be positioned 1n
an opposing relationship to the substrate transier port 132.
The liner 205 may act as a heat sink for the portions of the
substrate adjacent to the segments 2008 and 200C during
heating. For example, the liner 205 may cool the substrate
edge adjacent to segments 200B and 200C. The liner 205
may also counterbalance the cooling effect of the substrate
transier port 132 on a substrate on the opposite side of the
substrate support body 114 (e.g., adjacent to segment 200A).

In the embodiment shown, the liner 205 includes one or
more members 210 made of a dark matenial, such as
anodized aluminum. The liner 205 may be dark brown or
black in color and may resemble a black body (1.e., a color
that absorbs infrared radiation 1n the 2 micron to 7 micron
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range). The liner 205 1s an absorber body that absorbs
radiation at a higher rate than surrounding materials such as
the chamber wall or chamber floor. The liner 205 may have
absorption characteristics that mimic the heat removal char-
acteristics of the substrate transfer port 132. Fach of the one
or more members 210 may be arc-shaped. Each of the
members 210 may resemble a kidney-bean shape in plan
view. When two members 210 are utilized together, the
assembly may resemble a horseshoe 1 plan view (i.e.,
viewed from above). Depending on the angular (azimuthal)
extent of the liner 205, the liner may have an arc shape, or
any other shape. Each of the one or more members 210 may
include stand-ofl pins 215 that will contact an interior
surface of the bottom wall 108 (shown in FIG. 1). The
stand-ofl pins 215 may serve to space the members 210
away from the surface of the bottom wall 108 by about 2-5
millimeters. This spacing away may be utilized to prevent
particle generation that may be caused by differences in
coellicients of expansion of the material of the members 210
and the matenal of the chamber body 104. The stand-ofl pins
215 may also be used as alignment features which interface
with corresponding depressions formed in the bottom of the
chamber. Each of the stand-ofl pins 215 may be made of
stainless steel or other process resistant material.

Each member(s) 210 may have a thermally operative
(wide/thick) portion and one or more support (narrow/thin)
portions. The thermally operative portions may have a radial
extent or thickness of about 60-70 mm and an axial (vertical)
extent or thickness of 8-12 mm. The angular (azimuthal)
extent of each thermally operative portion may be about
30-70 degrees. The support portion(s) extend from the ends
of the thermally operative portion(s) and may connect two or
more thermally operative portions together. The support
portions may have radial extent of about 10-15 mm, an axial
extent of 8-12 mm (substantially equal to that of the ther-
mally operative portion(s)), and azimuthal extent of about
10-20 degrees. In one embodiment, there are two thermally
operative portions connected by a support portion, with
additional support portions at the opposite ends of the
thermally operative portions. In some embodiments, there-
fore, the liner 205 has an angular (azimuthal) extent of
80-150 degrees, such as 100-140 degrees, for example 120
degrees.

FIG. 3 1s a schematic 1sometric view of a substrate support
assembly 102 that may be used 1n the substrate processing
system 100 of FIG. 1. The chamber body 104 i1s shown 1n
phantom 1n order to more clearly show an interior volume
that 1s coupled to a slit valve tunnel 201.

In this embodiment, a liner assembly 300 i1s shown, which
may be used to compensate for the cooler area described in
FIG. 2 and/or improve temperature uniformity of a substrate
being heated on the substrate support body 114. The liner
assembly 300 may be positioned opposite from the substrate
transter port 132. The liner assembly 300 may act as a heat
sink for the portions of the substrate adjacent to the segments
200B and 200C (shown i FIG. 2) durning heating. For
example, the liner 205 may cool the substrate edge adjacent
to segments 2008 and 200C. The liner 205 may also
counterbalance the cooling effect of the substrate transfer
port 132 on a substrate on the opposite side of the substrate
support body 114.

In the embodiment shown, the liner assembly 300 may be
one or more members 305 and 310 of a dark maternial, such
as anodized aluminum. The members 305, 310 may be dark
brown or black in color and may resemble a black body (1.¢.,
a color that absorbs infrared radiation 1n the 2 micron to 7
micron range). Similar to the liner 205, one or more of the
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members 305 and 310 of the liner assembly 300 are absorber
bodies, as described above 1n connection with FIG. 2. Each
of the one or more members 305, 310 may be arc-shaped.
When two members 305 are utilized together, the liner
assembly 300 may resemble a horseshoe in plan view.
Depending on the angular (azimuthal) extent of the liner
assembly 300, the liner assembly 300 may have an arc
shape, or any other shape. Each of the members 303 may be
coupled to the members 310 by a support member 315 to
form a sub-assembly 320. The sub-assemblies 320 may be
coupled together by a coupling member 325. The support
members 315 and the coupling member may be stainless
steel. Each of the sub-assemblies 320 may resemble an L
shape 1 elevation view. While two sub-assemblies 320 are
shown, the liner assembly 300 may comprise a single
structure (one-piece).

The members 305 have length and width 1 a plane
substantially parallel to the supporting surface of the sub-
strate support assembly 102. The members 310 have an
arcuate length progressing along a circumierence of an inner
surface of the chamber, and a linear width parallel to an axis
of the chamber, each member 310 with two curved edges. In
some embodiments, the members 305 have a linear width of
about 20 to 60 mm, and an angular (azimuthal) dimension of
about 100-140 degrees. In some embodiments, the members
310 have a linear width of about 20 to 60 mm, and an
angular (azimuthal) dimension of about 100-140 degrees.
The angular or azimuthal dimension may be from 80-150
degrees 1n some embodiments. The support members 3135
proceed from the members 305 to the members 310 sub-
stantially parallel to a width direction of the members 310.
Each sub-assembly 320 includes two support members 315,
cach of which may be attached to an edge of the member 3035
facing the chamber sidewall and a side of the member 310
facing the chamber sidewall. Each of the support members
315 extends from the member 305, substantially perpen-
dicular to the plane of the length and width of the member
305, and substantially parallel to the width direction of the
member 310, to a point centrally spaced between the curved
edges of the member 310. Azimuthal or angular extent of the
liner assembly 300 may be 80-150 degrees, such as 100-140
degrees, for example 120 degrees.

FIG. 4 1s a schematic 1sometric view of a substrate support
assembly 102 that may be used 1n the substrate processing
system 100 of FIG. 1. The chamber body 104 1s shown 1n
phantom to more clearly show an interior volume that 1s
coupled to a slit valve tunnel 201 via the substrate transfer
port 132.

In this embodiment, a liner assembly 400 1s shown, which
may be used to compensate for the cooler area described in
connection with FIG. 2 and/or improve temperature unifor-
mity ol a substrate being heated on the substrate support
body 114. The liner assembly 400 may be positioned oppo-
site from the substrate transier port 132. The liner assembly
400 may act as a heat sink for the portions of the substrate
adjacent to the segments 2008 and 200C (shown in FIG. 2)
during heating. For example, the liner assembly 400 may
cool the substrate edge adjacent to segments 200B and
200C. The liner assembly 400 may also counterbalance the
cooling effect of the substrate transfer port 132 on edges of
a substrate side of the substrate support body 114 opposite
the substrate transfer port 132.

In the embodiment shown, the liner assembly 400 may be
one or more cylindrical 1nserts 405 of a dark material, such
as anodized aluminum. The cylindrical inserts 405 may be
dark brown or black 1n color and may resemble a black body
(1.e., a color that absorbs infrared radiation in the 2 micron
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to 7 micron range). As with the liner 205 and the liner
assembly 300, the cylindrical inserts 405 of the liner assem-
bly 400 are absorber bodies. Each of the cylindrical inserts
405 may be arc-shaped and are adapted to couple to interior
sidewalls 158 (shown 1n FIG. 1) of the chamber body 104.
In some embodiments, the cylindrical inserts 405 are
coupled to the interior sidewalls 158 (shown 1n FI1G. 1) of the
chamber body 104 by fasteners, or a thermally stable adhe-
sive. While two cylindrical inserts 405 are shown, the liner
assembly 400 may comprise a single structure (one-piece).
In some embodiments, the members 405 have a linear width
of about 20 to 60 mm, and together have an angular
(azimuthal) dimension of about 100-140 degrees.

The liner 205, liner assembly 300, and liner assembly 400
may have a radial extent selected to provide a desired
thermal mass and/or absorption cross-section. A surface of
the liners facing the substrate support assembly 102 may be
located at a specified radius of the chamber to achieve an
absorption cross-section that 1s selected to absorb a desired
flux of thermal radiation. The radius may be varied, or the
dimension of the surface facing the substrate support assem-
bly 102 may be varied, to achieve the desired absorption
cross-section. Additionally, the radial extent of the liner 205,
the liner assembly 300, or the liner assembly 400 may be
varied to change the thermal mass of the liner 1 order to
provide a desired radiation absorption characteristic. Finally,
more than one liner 205, liner assembly 300, or liner
assembly 400 may be used.

FIG. 5 1s a schematic 1sometric view of a chamber body
104 that may be used in the substrate processing system 100
of FIG. 1. The chamber body 104 1s shown 1n phantom to
more clearly show an interior volume that 1s coupled to a slit
valve tunnel 201 via the substrate transfer port 132.

In this embodiment, a liner assembly 500 1s shown, which
may be used to compensate for the cooler area described in
connection with FIG. 2 and/or improve temperature unifor-
mity ol a substrate being heated on the substrate support
body 114. The liner assembly 500 covers interior walls
and/or 1nterior surfaces of a bottom of the chamber body 104
with the exception of the substrate transfer port 132. The
liner assembly 500 1s a dark matenal, such as anodized
aluminum. The liner assembly 500 may be dark brown or
black 1n color and may resemble a black body (1.e., a color
that absorbs infrared radiation 1n the 2 micron to 7 micron
range).

The liner assembly 500 of FIG. 35 1s thermally absorptive
in order to reduce heat flux from reflecting back to a
circumierential surface 505 of the substrate support body
114. In the conventional substrate supports, arcas of a
substrate positioned thereon adjacent to the shaft are center
cold but the liner assembly 500 reduces this center cold
cllect by acting as a heat sink. Thus, the liner assembly 500
enhances thermal umiformity of the substrate support body
114.

FIG. 6 1s a schematic 1sometric view of a substrate support
assembly 102 that may be used 1n the substrate processing
system 100 of FIG. 1. The chamber body 104 1s not shown
in order to more clearly show an interior volume that 1s
coupled to a slit valve tunnel 201.

In this embodiment, additional substrate liit pins 130 may
be utilized to facilitate temperature uniformity of a substrate
during a preheat process as described above. For example,
substrate lift pins 130 may be added disproportionally to the
substrate support body 114. It has been observed that the
substrate lift pins 130 act as heat sinks 1 which thermal
energy 1s removed from the substrate. In the embodiment
shown, additional substrate lift pins 130 are provided to




US 11,978,646 B2

9

support portions of the substrate adjacent to the segments
200B and 200C. This may prevent sagging at the substrate
edge corresponding to the segments 2008 and 200C and/or
promote more uniform temperatures therein.

FI1G. 7 1s a schematic 1sometric view of a substrate support
body 114 adjacent to a showerhead assembly 142. The
showerhead assembly 142 includes a reflective faceplate
146. The reflective faceplate 146 may include a retlective
coating or a reflective surface finish i order to provide
reflected heat tlux toward a substrate 500 disposed on the
substrate lift pins 130 (and spaced away from the upper
surface of the substrate support body 114). The reflected heat
flux may facilitate temperature uniformity of the substrate
500 during a preheat process or a steady-state heating
process as described above. In some embodiments, the
reflective faceplate 146 reflects some of the radiative heat
back to the substrate 500. This may help the substrate 500 to
reach a higher preheat temperature faster. This can also
provide preheating the substrate 500 at a greater distance
from the surface of the substrate support body 114 while also
reducing sagging ol the edges of the substrate 500. The
reflective faceplate 146 may comprise a nickel coating.

FIG. 8 1s a schematic cross-sectional view of one embodi-
ment of a substrate support body 114. Substrate lift pins are
not shown 1n this view. In this embodiment, an upper surface
700 of the substrate support body 114 1s profiled to provide
differential conductive heating. For example, a dished area
705 1s formed between a raised central region 710 and a
raised peripheral region 715. The raised central region 710
and the raised peripheral region 715 may be utilized to
support the center of the substrate 500 and the edge of the
substrate 300, respectively, during a steady-state heating
process. In some embodiments, the dished area 705 may
include dimples or projections 720. The projections 720 may
be radially-oriented ribs or ring-shaped (continuous or dis-
continuous).

The raised central region 710 may be utilized to maintain
temperatures of the substrate 500 at the center thereof to
compensate for heat losses through the shaft 118. In the
conventional substrate supports, areas of the substrate adja-
cent to the shaft are center cold but the raised central region
710 may minimize temperature non-uniformity by compen-
sating for heat loss through the shait 118.

FIG. 9 1s a schematic cross-sectional view of another
embodiment of a substrate support body 114. Substrate lift
pins are not shown in this view. In this embodiment, an
upper surface 700 of the substrate support body 114 1s
profiled to provide differential conductive heating. For
example, projections 720 are formed on the upper surface
700. The projections 720 may be shorter in the central region
compared to a length of the projections 720 moving radially
outward from the central region.

The shorter projections 720 at the central region may be
utilized to maintain temperatures of the substrate 500 at the
center thereof to compensate for heat losses through the
shaft 118.

FIG. 10 1s a cross-sectional view of the base assembly 122
that may be used in the substrate processing system 100 of
FIG. 1. The base assembly 122 includes the shaft 118 and an
adapter body 800 that couples to the power box 120. The
adapter body 800 1s made of a material having low thermal
conductivity properties, such as stainless steel. The shaft 118
1s coupled to the adapter body 800 by fasteners 805. Each of
the fasteners 805 are threaded into the adapter body 800 at
positions corresponding to a protruding surface or a raised
boss 810. Areas between the raised bosses 810 define a gap
815 between a lower surface 820 of the shaft 118 and an
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upper surface 825 of the adapter body 800. The gap 815
reduces contact between the shait 118 and the adapter body
800 which reduces conductive heat transier therebetween. In
one example, the gap 815 comprises a dimension 830 of
about 0.002 inches to about 0.008 inches, for example
between about 0.004 inches to about 0.006 inches. A seal

835, such as an O-ring 1s also disposed between the lower
surface 820 of the shait 118 and the upper surtace 825 of the

adapter body 800. Thus, conductive heat transfer between
the adapter body 800 and the shait 118 1s limited to the areas
adjacent to the raised bosses 810 and the seal 835. Conduc-
tive heat transier between the adapter body 800 and the shaft
118 15 also limited by the material of the adapter body 800.

The adapter body 800 1s a bi-metal member having
threaded metallic inserts 840 provided in openings 845
formed 1n the raised bosses 810. Fach of the threaded
metallic nserts 840 are an austenitic stainless steel alloy,

such as a nitrided stainless steel sold under the trade name
NITRONIC®. Each of the threaded metallic inserts 840 are

threaded into a respective opening 8435, and the threaded
metallic nserts 840 include a first threaded interface 830
that couples with each of the fasteners 8035. Each of the
threaded metallic 1nserts 840 are made of a material that 1s
less susceptible to galling when forming the first threaded
interface 850 for the fasteners 805 as compared with stain-
less steel. For example, the threaded interface 850 includes
threads that are finer than threads of a second threaded
interface 855 for coupling the adapter body 800 to the
threaded metallic inserts 840. Thus, the threaded metallic
inserts 840 provides finer threads for the fasteners 805 while
mlmmlzmg galling. The second threaded interface 855
includes coarser threads than the first threaded interface 850,
and the coarser threads of the second threaded interface 855
1s less likely to gall the stainless steel material 1n the
openings 845 of the adapter body 800.

FIG. 11 1s an 1sometric view of the adapter body 800. A
plurality of the raised bosses 810 are shown about a periph-
ery of the upper surface 825 of the adapter body 800. A
groove 860 as well as two circular grooves 865 are shown
formed 1n the upper surface 825 of the adapter body 800.
The groove 860 and the grooves 865 are sized to receive the
seal 835 of FIG. 10. A recessed area 865 1s formed 1n the
adapter body 800 1nside the groove 860. The recessed area
865 1ncludes a plurality of openings for fluids, power lines
and/or thermocouple leads. Each of the grooves 865 include
an opening 870 that may be used for fluids, power lines
and/or thermocouple leads.

FIG. 12 1s an enlarged view of a portion of the adapter
body 800 of FIG. 11. One of the raised bosses 810 1s shown,
but 1s 1indicative of other raised bosses 810 formed on the
adapter body 800. The raised boss 810 1includes a protruding
wall 872 that extends orthogonally from the upper surface
825 of the adapter body 800. A height of the protruding wall
872 1s equal to the dimension 830 of the gap 815 shown and
described i FIG. 10. The protruding wall 872 includes a
first radius 875 proximal to the upper surface 825 of the
adapter body 800. The protruding wall 872 also interfaces
with a peripheral surface 880 of the adapter body 800 at a
second radius 883 that 1s the same as the outer diameter of
the peripheral surface 880 of the adapter body 800. The
second radius 885 is greater than the first radius 875.

Testing of the base assembly 122 coupled to the substrate
support body 114 by the shait 118 as described herein using
the adapter body 800 showed reduced conductive heat loss
along the shaft 118. For example, in one test 1in a process at
about 425 degrees Celsius, the temperature measured at the
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base assembly 122 was about 80 degrees Celsius less than
the temperature measured at a conventional base assembly.

While the foregoing 1s directed to embodiments of the
present disclosure, other and further embodiments of the
disclosure may be devised without departing from the basic
scope thereof, and the scope thereof 1s determined by the
claims that follow.

The invention claimed 1s:

1. A semiconductor processing chamber, comprising:

a chamber body having a bottom and a sidewall defiming
an interior volume, the sidewall having a substrate
transier port formed therein;

a substrate support and a showerhead positioned in the
interior volume; and

a plurality of absorber bodies disposed in the interior
volume, the plurality of absorber bodies occupying
only a portion of the interior volume opposing the
substrate transier port, each absorber body being sup-
ported by one or more stand-ofl pins spacing each
absorber body away from the bottom, wherein each
absorber body 1s shaped as a portion of an arc.

2. The chamber of claim 1, wheremn the plurality of
absorber bodies consists of two members having a major
surface 1 plan view disposed 1n a plane that 1s parallel to a
supporting surface of the substrate support.

3. The chamber of claim 1, wherein each absorber body
comprises a material that absorbs inirared radiation 1n the 2
micron to 7 micron range.

4. The chamber of claim 1, wherein the substrate support
has a profiled upper surface.

5. The chamber of claim 4, wherein the profiled upper
surface comprises a plurality of projections formed on a
substrate receiving surface of the substrate support.

6. The chamber of claim 5, wherein the substrate receiv-
ing surface includes a central region and the projections
have a length that increases from the central region to a
peripheral region thereof.

7. The chamber of claim 4, wherein the profiled upper
surface comprises a dished area formed between a raised
central region and a raised peripheral region of a substrate
receiving surface of the substrate support.

8. The chamber of claim 1, further comprising: a retlective
taceplate coupled to the showerhead facing an upper surface
of the substrate support.

9. The chamber of claim 1, wherein the substrate support
includes a first region facing the substrate transier port, and
a second region and a third region adjacent to the first region,
and the substrate support turther comprises lift pins which
are positioned disproportionally in or on the second and
third region.

10. The chamber of claim 1, wherein the substrate support
1s coupled to a shait and a base assembly, the base assembly
including an adapter body including a plurality of raised
surfaces and gaps adapted to reduce thermal transfer
between the shaft and the adapter body.
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11. A semiconductor processing chamber, comprising;:

a chamber body having a bottom and a sidewall defining
an interior volume, the sidewall having a substrate
transier port formed therein;

a substrate support disposed 1n the interior volume; and

a plurality of absorber bodies positioned in the interior
volume about the substrate support 1n a position occu-
pying only a portion of the interior volume opposing
the substrate transfer port, each of the absorber bodies
being supported by one or more stand-ofl pins spacing
the respective absorber body away from the bottom,
wherein each of the absorber bodies comprises a black
material having a horseshoe shape in plan view and
includes a first portion and a second portion, the first
portion being thicker than the second portion.

12. The chamber of claim 11, wherein the substrate

support mcludes a profiled upper surtface.

13. The chamber of claim 12, wherein the profiled upper
surface comprises a plurality of projections formed on a
substrate receiving surface of the substrate support.

14. The chamber of claim 13, wherein the substrate
receiving surface includes a central region and the projec-
tions have a length that increases from the central region to
a peripheral region thereof.

15. The chamber of claam 12, wherein the profiled upper
surface comprises a dished area formed between a raised
central region and a raised peripheral region of a substrate
receiving surface of the substrate support.

16. The chamber of claim 11, further comprising:

a showerhead positioned over the substrate support;

a retlective faceplate coupled to the showerhead facing an

upper surface of the substrate support.

17. The chamber of claim 11, wherein the substrate
support includes a first region facing the substrate transfer
port, and a second region and a third region adjacent to the
first region, and the substrate support further comprises lift
pins which are positioned disproportionally in or on the
second and third region.

18. A semiconductor processing chamber, comprising:

a chamber body having a bottom and a sidewall defining
an interior volume, the sidewall having a substrate
transier port formed therein; and

a substrate support and a showerhead disposed in the
interior volume, the substrate support including a first
segment facing the substrate transfer port, and a second
segment and a third segment adjacent to the first
segment, wherein an absorber body 1s positioned in the
interior volume adjacent to both of the second segment
and the third segment, and wherein the absorber body
occupies only a portion of the interior volume opposite
the substrate transfer port, and wherein the absorber
body comprises an anodized material that absorbs
inirared radiation 1n the 2 micron to 7 micron range and
includes a first portion and a second portion, the first
portion being thicker than the second portion, and the

absorber body 1s shaped as a partial arc i plan view.
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